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te  major  focus  of  work  in  this  laboratory  concerns  the 
relationship  between  molecular  structure  and  biological  function. 
The  research  includes  molecular  biological  studies  in  which 
alternative  conformations  of  the  nucleic  acids  may  play  an  important 
role.  In  addition,  there  are  a  variety  of  x-ray  diffraction  studies  of 
nucleic  acids  and  related  compounds  in  order  to  uncover  the  role  that 
molecular  conformation  plays  in  interactions. 


In  previous  years,  attention  .  was  directed  towards 
understanding  the  physical  and  chemical  events  that  were  important 
in  the  interconversion  of  right-handed  B-DNA  to  left-handed  Z-DNA. 
However,  a  significant  component  of  the  work  of  the  laboratory  now 
focuses  on  the  biological  activities  of  the  left-handed  Z  form  of  DNA. 
Toward  that  end,  several  investigations  involve  the  isolation  and 
purification  of  various  Z-DNA  binding  proteins.  We  seek  to  uncover 
their  biological  function.  New  methodologies  have  been  created  for 
isolating  these  proteins  and  separating  them  from  the  more 
numerous  B-DNA  binding  proteins.  There  is  also  some  evidence  that 
the  Z-DNA  conformation  plays  a  role  in  homologous  genetic 
recombination.  Accordingly,  a  number  of  studies  have  been  carried 
out  on  this  system. 

X-ray  diffraction  studies  have  been  carried  out  on  fragments  of 
DNA  with  a  view  towards  understanding  the  role  of  nucleotide 
sequence  in  DNA  conformation.^  This  includes  studies  of  both  right- 
handed  and  left-handed  helicaI\conformations  as  well  as  their 
interactions  with  other  substances.  \ 
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Progress  Report 

Advances  in  the  identification  of  Z-DNA  binding  proteins  have 
been  limited  by  the  lack  of  appropriate  methodology  to  prove 
unequivocally  that  a  protein  is  Z-DNA  specific.  Our  approach  to  this 
problem  has  been  to  develop  short  oligonucleotide  probes  that  are  in 
the  Z-DNA  conformation  at  near  physiological  salt  conditions.  These 
probes  are  constructed  by  using  chemically  synthesized  alternating 
purine-pyrimidine  tracts  to  prime  the  enzymatic  incorporation  of 
chemically  modified  nucleotides,  such  as  5-bromo-deoxycytosine, 
into  duplex  DNA.  Such  probes,  as  judged  by  circular  dichroism 
measurements  and  binding  to  a  Z-DNA  specific  monoclonal  antibody, 
will  exist  in  the  left-handed  conformation  in  50  mM  sodium  chloride 
in  the  presence  of  either  magnesium  chloride  or  cobalt  hexamine 
chloride. 

We  have  used  these  probes  to  test  for  Z-DNA  binding  proteins 
in  two  ways.  First  protein  immobilized  to  nitrocellulose  is  assayed 
for  ability  to  bind  to  the  Z-DNA  oligomer.  Second,  protein-binding  to 
the  probe  is  assessed  by  the  ability  of  the  protein  to  decrease  the 
electrophoretic  ability  of  the  probe  in  a  non-denaturing 
polyacryamide  gel.  In  both  assays  specificity  of  binding  is  assessed 
by  competition  with  large  amounts  of  unlabeled  B-DNA. 

A  number  of  purified  DNA-binding  proteins  have  been  tested 
in  these  assays.  These  include  T4  replication  proteins,  strand 
transferases  from  yeast,  bacteria.  Drosophila  and  human  tissues, 
steroid -receptor  protein,  and  Sph-1.  None  of  these  proteins  bind  to 
the  probe.  However  it  has  been  possible  to  identify  in  yeast. 
Drosophila  and  human  nuclear  extracts  the  presence  of  Z-DNA 
binding  proteins.  The  activity  from  Drosophila  co-purifies  with 
histone  HI.  Proteins  from  other  sources  are  currently  being  purified. 
It  is  planned  to  test  for  sequence-specific  Z-DNA  binding  activity  by 
using  a  footprint  assay  where  such  sequences  are  stabilized  in  the  Z- 
DNA  conformation  by  negative  supercoiling. 

Histone  HI  appears  to  bind  to  DNA  probes  which  are 
predominantly  in  the  Z  conformation  in  preference  to  DNA  which  is 
predominantly  in  the  B  conformation  or  single  stranded.  The  binding 
of  Drosophila  HI  was  initially  identified  by  selecting  nuclear 
proteins  using  brominated  poly(dG-dC)-sephadex  column 
chromatography.  It  has  subsequently  been  verified  using  purified 
HI  samples.  Studies  are  currently  underway  to  determine  whether 
this  binding  is  truly  Z-DNA  specific  and  whether  any  specific 


subfraction  of  HI  is  involved.  These  studies  are  facilitated  by  a 
monoclonal  antibody  we  have  raised  against  Drosophila  HI. 

The  purification  of  a  protein  from  yeast  which  binds  to  the  left- 
handed  Z-conformation  of  DNA  is  described.  Three  assay  systems 
were  used  to  monitor  this  purification.  The  first  was  a  rapid 
Southwestern  dot  blot  assay.  Protein  fractions  that  had  been  dot 
blotted  on  nitrocellulose  filters  were  probed  with  a  32p  end-labelled 
synthetic  oligomer  forty-four  base  pairs  long  that  was  stabilized  in 
the  left-handed  Z-form  by  chemical  modification.  Specificity  was 
enhanced  by  using  a  200  fold  molar  excess  of  B-DNA  and  single- 
stranded  DNA  as  competitor.  The  second  was  a  gel  retardation  assay 
in  which  d(G-m5C)  polymer  (approximately  600  bp)  in  the  Z-form, 
labelled  with  32p  an<j  a  400  fold  excess  of  B-DNA  were  incubated 
with  the  protein  fractions  and  the  mixture  was  subjected  to  non¬ 
denaturing  gel  electrophoresis  in  order  to  resolve  the  protein/DNA 
complex.  The  third  was  a  Southwestern-PAGB/SDS  assay.  In  this 
assay  proteins  were  separated  by  electrophoresis  on  a 
polyacrylamide/SDS  gel,  electroblotted  to  Immobolin  membrane, 
renatured  and  mixed  with  solution  containing  32p  labelled  Z-DNA  in 
the  presence  of  a  300  fold  molar  excess  of  B-DNA.  The  membrane 
was  then  washed  several  times  to  remove  unbound  DNA.  These 
assays  were  used  to  monitor  the  purification  of  Z-DNA-binding 
activities  from  either  a  yeast  whole  cell  extract  or  a  yeast  nuclear 
extract. 

Extracts  from  a  protease-minus  mutant  in  early  log  phase 
were  fractionated  by  means  of  a  phosphocellulose  ion  exchange 
column,  a  Z-DNA  affinity  column,  a  Superose-12  gel  filtration  column 
and  a  Mono-S  ion  exchange  column.  Results  from  the  three  different 
assays  were  consistent  and  it  was  possible  to  identify  a  single  peak 
of  binding  activity  in  each  column.  The  major  protein  in  our  most 
highly  purified  preparations  has  a  molecular  weight  of  roughly 
55,000  daltons  which  showed  a  positive  signal  when  Z-DNA  was  used 
in  the  Southwestern  assay.  The  protein  is  currently  being 
microsequenced.  Our  goal  is  to  isolate  the  corresponding  gene  and 
study  it  using  biochemical  and  genetic  approaches. 

Previous  work  in  this  laboratory  has  demonstrated  that  Z-DNA 
binding  proteins  can  be  co-purified  with  SV40  minichromosomes.  A 
component  of  this  heterogenous  population  of  proteins  appears  to 
bind  to  a  specific  sequence  (GCATGCAT)  within  the  SV40  enhancer 
element  when  it  is  in  the  Z-conformation.  The  goal  of  this  research 
project  is  to  purify  this  putative  sequence-specific  Z-DNA  binding 


protein  (SZ)  from  HeLa  cells  and  to  assess  its  biological  function.  The 
approach  being  developed  to  assay  the  binding  activity  of  SZ  involves 
the  use  of  32p  labelled,  supercoiled  minicircles  as  affinity  probes: 
The  minicircles  contain  the  SV40  sequence  which  adopts  the  Z-DNA 
conformation  as  a  result  of  the  superhelix  density.  These  affinity 
probes  could  be  employed  for  gel  shift  assays  or  "southwestern" 
analysis. 

Objectives  For  the  Next  Year 

We  plan  to  purify  Z-DNA  binding  proteins  and  will  try  to 
uncover  their  biological  role.  Histone  HI  will  be  purified  to  find  the 
subtype  that  binds  to  Z-DNA.  The  yeast  binding  proteins  will  be 
cloned,  then  deleted  from  yeast  to  uncover  their  biological  function. 

We  also  plan  to  continue  the  purification  of  the  Z-DNA  binding 
enzymatic  activity  that  has  been  detected  with  a  view  toward 
understanding  the  manner  in  which  the  strand  transferase  activity 
participates  in  homologous  recombination. 
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